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Distribution of blood group antigen A in normal and pathologic
human kidneys. We tested this distribution with an indirect im-
munofluorescent technique using purified rabbit anti-A anti-
serum on 21 whole normal kidneys (A group, N = 18; AB group,N = 1; 0 group, N = 2) and on 349 kidney biopsy samples (A
group, N = 140; AB group, N = 14; 0 or B group, N = 195)
representing a large spectrum of renal diseases. In normal kid-
neys from A and AD groups, the A antigen was detected in the
whole vascular endothelium and in the convoluted distal tubules.
In secretors, collecting tubules were brightly positive. Epithelial
staining was more diffuse in the inner part than it was in the outer
part of the medulla. The basement membrane of the inner col-
lecting tubules was positive in frozen sections but not in paraflIn
sections. In pathologic kidneys, modifications were obvious: (1)
The thickened basement membrane of atrophic convoluted distal
tubules was brightly stained. (2) Endothelial staining allowed a
precise appreciation of the glomerular and interstitial vascula-
lure. (3) In proliferative changes such as arterial intimal prolifer-
ation, proliferative glomerulonephritis, and interstitial cell infil-
tration, endothelial cells do not proliferate. This routine staining
technique of endothelial cells by anti-A antiserum provide infor-
mation not obtainable with light microscopy.
Distribution de l'antigène de groupe sanguin A dans le rein hu-
main normal et pathologique. Cette distribution a été misc en dvi-
dence en immunofluorescence indirecte a l'aide d'un antiserum
de lapin purifld anti-A. Cette étude Porte sur 21 reins normaux
entiers (groupe A, N = 18; groupe AB, N = 1; groupe 0, N = 2)
et sur 349 biopsies rdnales (groupe A, N = 140; groupe AD, N =
14; groupe 0 ou B, N = 195) reprdsentant un large dventail de
maladies rénales. L'antigene A a dtd ddtectd sur tous les endo-
theliums vasculaires et les tubes contournés distaux des sujets A
et AB. Chez les sdcrdteurs, les tubes collecteurs étaient forte-
ment positifs. Le rnarquage dpithélial dtait plus diffus dans Ia
mddullaire interne que dans l'externe. La membrane basale des
tubes colleeteurs profonds dtait positive sur les coupes h con-
gdlation et negative aprds inclusion dans Ia parafline. Dans les
reins pathologiques, plusieurs modifications étaient patentes: (I)
Les membranes basales des tubes contournds distaux atro-
phiques sont fortement positives. (2) Le marquage endothdlial
apprdcie de facon precise l'Ctat vasculaire glomdrulaire et inter-
stitiel. (3) Dans les lesions prolifCratives comme l'endartérite
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prolifdrante, les glomCrulonCphrites proliferatives, les infil-
trations cellulaires interstitielles, les cellules endothCliales ne
proliférent pas. Cette coloration de routine des cellules endo-
thdliales par l'antiserum anti-A fournit des renseignements que
ne donne pas la microscopic optique.
The ABH blood group antigens were first detect-
ed in human tissues by inhibition of hemaglutination
[1], and their localization was later defined by im-
munofluorescence [2-4]. In the kidney, two kinds of
molecules with blood group specificity have been
described: (1) ethanol-soluble ABH antigens in all
the vascular endothelia, including glomerular tufts
and peritubular capillaries, (2) water-soluble
(mucus-like) ABH substances in the epithelial cells
of the collecting tubules and the calyceal epithe-
hum.
The terms "secretor" and "nonsecretor" have
been defined as the capacity of an individual to se-
crete or not to secrete A, B, or H substance in sa-
liva. The endothelium of vessels of all calibers con-
tains blood group antigens irrespective of secretor
status, but the blood group antigens in collecting tu-
bules and in calyceal epithelium have been found
only in subjects secreting ABH substances in sa-
liva.
The aim of this work was to determine if the A
antigen could be used as a marker to investigate the
endothelial vascular bed and tubular cells in normal
and pathologic kidneys.
Methods
Kidney specimens. We studied 349 kidney biopsy
specimens. Table 1 lists the repartition of the renal
biopsy specimens. There were 140 biopsy speci-
mens from A group, 14 from AB group, and 195
from 0 or B groups. These 195 biopsy specimens
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Table!. Repartition of renal biopsy specimens into the different
kidney diseasesa
Diagnoses
A
(A1
group
+ A2)
AB group
(A,B + A2B)
Other
groups
Acute ON 14 0 20
Crescentic GN 4 2 4
Lipoid nephrosis 17 3 22
Focal sclerosing GN 11 0 16
Membranous GN
Membranoproliferative ON
12
7
1
0
14
7
Berger's disease 14 0 20
Toxemia of pregnancy
Schönlein-Henoch ON
12
1
3
0
22
4
SLE 7 0 10
Diabetes mellitus 6 0 8
Amyloidosis 7 1 6
Nephroangiosclerosis 13 2 18
Interstitial nephritis 2 1 7
Hereditary diseases
End-stage kidney disease
Miscellaneous
3
2
8
0
1
0
0
2
15
a Abbreviations are: ON, glomerulonephritis; SLE, systemic
lupus erythematosus.
from 0 or B groups served as tissue controls for the
specificity of the antiserum. Ninety-nine patients
from A group were tested for secretor status: 62
were secretors and 37 were nonsecretors. In addi-
tion, 21 whole normal kidneys were also investi-
gated. Eighteen were from A group (A1 group, N =
12; A2 group, N = 6), one was from AB group, and
two were from 0 group. Sixteen patients from A
group were secretors, and two were nonsecretors.
Anti-A antibodies. Anti-A antiserum was raised
in A-negative rabbits [5] by 2-week i.v. injections of
2 ml of 25% suspension of human red blood cells in
saline. The serum was collected at the peak of the
immune response (3 weeks) when the antibodies
reached their highest concentration and their high-
est affinity for the A antigen. Details of the rabbit
strain (good responders for A antigen) and the quan-
titative and qualitative analysis of the produced
antibodies have been previously reported [5].
In double-gel immunodiffusion and in immuno-
electrophoresis, the A antiserum showed a single
precipitation line with salivas of A secretors and
was negative with salivas from A nonsecretors, and
B or 0 irrespective of their secretor status.
An A immunoadsorbent was prepared as follows:
20 ml of saliva from an A, Lewis (a— b+), secretor
patient were heated in a boiling water bath for 10
mm, dialyzed against distilled water, and lyophi-
lized. The final yield was 41 mg of A substance. One
gram of bromine-cyanide-activated sepharose(Pharmacia) was washed with 200 ml of hydro-
chloric acid (0.001 M) and 200 ml of carbonate buf-
fer (pH, 8.5; 0.1 M) and sodium chloride (0.5 M).
The bromine cyanide sepharose was suspended in 5
ml of the carbonate buffer containing the salivary A
substance and was stirred gently overnight. The re-
action was stopped by washing with carbonate buf-
fer. The immunoadsorbent was packed in a 4-ml
column and cycled once with 5 ml of normal rabbit
serum, saline, and glycine hydrochloride buffer
(pH, 2.8; 0.1 M). Artificial A, B, and H immuno-
adsorbents, made with synthetic trisaccharides, are
now commercially available (Chembiomed, Univer-
sity of Alberta, Edmonton, Canada).
The anti-A antibodies were purified as follows:
One milliliter of the rabbit anti-A antiserum (3 mgI
ml of antibody) was passed through the A immuno-
adsorbent. The column was washed with saline un-
til the optical density at 280 nm of the eluate was
less than 0.004. The specific antibodies were eluted
with glycine hydrochloride buffer (pH, 2.8; 0.1 M)
and immediately neutralized with phosphate buffer
(pH, 8; 1 M) until a pH of 7.2 was reached. The puri-
fied antibodies were diluted to a final concentration
of 0.5 mg/ml in 1% bovine serum albumin for immu-
nofluorescent studies.
The specificity of the purified A antibodies was
analyzed by radioimmunoassay [6] with human
sera, saliva, urinary oligosaccharides, and purified
canine secretory antigens [7]. The purified A anti-
bodies reacted strongly with all the carbohydrate
structures possessing the A-specific terminal tn- or
penta-saccharide, weakly with the monosaccharide
D-N-acetylgalactosamine and were completely neg-
ative with all the remaining structures tested.
Further specificity controls were performed by
immunofluorescence in other human tissues (stom-
ach, small intestine, colon, spleen, and liver). Only
A donors showed specific A staining, and it was re-
stricted to two types of cells: (a) surface ephithelia
and secretory glands of the digestive tract and (b)
endothelial cells of all blood vessels. Hepatocytes,
lymphocytes, and plasmocytes were always nega-
tive (Oriol R, to be published).
Immunomorphologic procedure. The kidney
specimens were divided into two parts. The first
part was fixed in Bouin's fixative or in formalin and
was prepared for routine optical microscopy. The
second part was snap-frozen in liquid nitrogen and
cut into 5-pt-thick sections in a Bright's cryostat.
Frozen sections were investigated by a routine im-
munofluorescent technique and supported the diag-
noses presented in Table 1. The distribution of A
substance was investigated 30 mm with purified
anti-A antibodies, washed twice in phosphate buffer
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saline, and then stained with fiuoresceinated sheep
antirabbit globulin antiserum diluted to 1% (Institut
Pasteur, Paris). Controls of the staining reagent per-
formed with normal rabbit serum and purified rabbit
anti-DNP antibodies were completely negative.
Specimens of the 21 normal kidneys and of 20 renal
biopsies fixed in Bouin's fixative or in formalin, em-
bedded in paraffin, were processed in the same way
for indirect immunofluorescence after deparaffina-
tion (3 x 10 mm in toluene) and dehydration (2 x 10
mm in 100% ethanol, I x 10 mm in 90% ethanol,
and 3 x 10 mm in phosphate buffer saline) [8, 9].
Determination of blood groups. ABH and Lewis
specificities are known to be carried by the same
molecules in external secretions. All persons whose
red blood cells are Le (a+ b—) are nonsecretors of
A, B or H substances in saliva, but persons whose
Lewis phenotype is Le (a— b+ ) are secretors. Le
(a— b—) carriers can be either secretors or non-
secretors of ABH substances. The Lewis pheno-
type of our patients was defined by agglutination of
papain treated erythrocytes with antiLea and
antiLeb antisera (Ortho). Lewis (a— b+) patients
are referred to as secretors (Se) and Lewis (a+
b—) patients are referred to as nonsecretors
(se/se). Secretor status of Lewis (a— b—) patients
was determined in saliva. One milliliter of saliva
was heated for 10 mm in a boiling water bath and
tested for inhibition of A, B, and H specific aggluti-
nm reactions. A1 and A2 types were detected by ag-
glutination of A red blood cells with Dolichos biflo-
rits and Ulex europeus, as described [10]. Patients
with red cells agglutinated by Dolichos and non-
agglutinated by Ulex were referred to as A1, and pa-
tients with red cells agglutinated by Ulex and non-
agglutinated by Dolichos were referred to as A2,
Results
A antigen in normal kidneys. In all cases, a stain-
ing of the vascular endothelia and of the convoluted
distal tubules (CDT) was observed (Fig. 1).
The positivity of the endothelial cells was diffuse.
The basement membrane (BM) of the glomerular
and interstitial capillaries was negative. With the
immunofluorescent technique, it is difficult to dis-
tinguish, in normal glomerulus, between endothelial
and mesangial cells; therefore a labeling of some
mesangial cells could not be excluded. But in some
tissue samples of endocapillary proliferative gb-
merulonephritis, this distinction is possible (see
pathologic kidney section). Because of the limited
resolution obtained with light microscopy and of the
small size of the endothelial cells, it was not pos-
sible to determine whether the positivities were re-
stricted to the plasma membranes or were also pres-
ent within the cytoplasm. The nuclei of the endo-
thelial cells were always negative. Kidneys from
patients of blood group A2 showed weaker endo-
Fig. 1. Frozen section showing distribution of blood group A antigen in tile cortical area of a normal human kidney. Vascular endothelia
of arterioles, glomeruli. and interstitium are brightly fluorescent. Several sections of convoluted distal tubules show a diffuse cytoplasmic
fluorescence. The basement membrane is negative. (X350)
'is:-
C.
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Fig. 2. Paraffin section of juxtaglomerular apparatus. Macula
densa (arrow) and extraglomerular mesangial ceUs are negative.
A section of one convoluted distal tubule is brightly positive.
Glomerular and arteriolar endothelia are labeled. (<850)
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Fig. 4. Paraffin section fromsecretor patient, s/lowing collecting
tubule in the inner medulla. All the epithelial cells are diffusely
stained. (xl.000)
Fig. 3. Paraffin section from secretor patient, showing collecting
tubule in the outer medulla. The apex of the cells are fluorescent.
In some cells, the staining is diffuse to the whole cytoplasm. The
basement membrane is negative. (x700)
thelial staining than did kidneys from patients of
blood group A1. Fixation and paraffin-embedding
diminished fluorescent staining of the vascular
endothelia in both both A1 and A2 samples, and
endothelial cells of A2 fixed specimens became al-
most negative. The staining of the CDT was identi-
cal in fixed and in frozen sections. On the same
specimen, it varied from one CDT to another,
whereas the endothelial labeling was always of the
same intensity and the same type. The staining of
the CDT was sometimes restricted to the cell bor-
ders, or it was more diffuse and intense with numer-
ous intracytoplasmic positivities. It was impossible
in these biopsy specimens to correlate these dif-
ferent stainings with the portion of the CDT or the
type of the nephron. The nuclei and the BM of the
CDT were negative. The cells of the macula densa
appeared negative (Fig. 2).
In secretors, the epithelium of the collecting tu-
bule (CT) was positive, but the staining changed ac-
cording to their location in the kidney. In the outer
cortex, the CT were usually negative. In the inner
cortex, only some epithelial cells of the CT were
positive. In the positive cells, the staining was local-
ized to the apex or predominantly in the apical area.
The BM of the CT was negative in the cortex what-
ever fixation was used. In the outer medulla, the CT
showed more numerous and more diffuse positive
cells (Fig. 3). In the inner medulla, all the epithelial
cells of all the CT showed an intense and diffuse
cytoplasmic staining (Fig. 4). The BM of these deep
CT was negative after fixation and was strongly
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Fig. 5. Frozen section from patient with glomerular focal sclerosis. No labeled endothelial cells are visible in the sclerotic part of the
glomerulus. (x 450)
Fig. 6. Frozen section from patient with interstitial nephritis. Stain is attenuated on ischemic glomerular endothelium. The endothelial
cells of interstitial capillaries are reduced in number. In comparison with Fig. I, they are more dispersed (left third of photo) and even
disappeared (right lower corner). The basement membrane of atrophic convoluted distal tubule is strongly positive (arrow). (X400)
positive in frozen sections. As in CDT, the collect-
ing epithelial cells were positive in frozen or fixed
samples. The cellular distribution of positivities,
however, was more definite after fixation. In non-
secretors, the CT and their BM were usually nega-
tive wherever their location.
A antigen in pathologic kidneys. The most strik-
ing results concerned the appreciation of the vascu-
lar bed permitted by the labeling of the endothelial
cells. In focal or total obsolescent glomeruli, the
staining of the glomerular endothelium disappeared
in destructed areas (Fig. 5). A disappearance or a
decreased number of interstitial capillary endo-
thelial cells was observed in areas where the inter-
stitium was scierosed or severely damaged by an
inflammatory process (Fig. 6). In obliterated arteri-
fh
-I'.)
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Fig. 7. Paraffin section from patient wit/i lobular glomerulone-
phritis. Capillary lumens, encircled by the stained endothelial
cytoplasm, are pushed away to the peripheral part of the lobules.
The proliferating mesangial centro-lobular cells are negative.
(x850)
oles, there was no endothelial labeling. All the pro-
liferating cells other than endothelial cells were neg-
ative: in arteriolar walls with intimal proliferation,
only the endothelial layer was positive. In glomeru-
lonephritis with mesangial cell proliferation, veri-
fied by light and electron microscopy, the prolifer-
ating cells in mesangial areas were negative (Fig. 7).
Cells of the glomerular epithelial crescents were al-
so negative. The white blood cells present in the in-
filtrated interstitial areas were negative. The BM of
the atrophic CDT were positive (Fig. 6). Because
most of the biopsy specimens contained only corti-
cal tissue, we do not know whether pathologic con-
ditions might modify the staining of the deep CT.
Kidneys of other blood groups. The positivities in
AB patients had the same intensity and the same
distribution as they did in A patients. But, the
biopsy specimens of the 195 B or 0 patients used as
controls were constantly and completely negative.
Discussion
The technique presented is an easy routine re-
liable method for detection of A antigen in normal
kidney and for evaluation of the vascular bed in
pathologic kidneys. The specificity of the anti-A
antibodies was verified by immunologic and tissue
controls.
With purified anti-A antibodies, vascular endo-
thelium is constantly positive irrespective of secre-
tor status. The staining appears stronger in A1 than
it does in A2 groups. This specific staining has been
reported to be completely abolished by organic
solvents [2-4]. Nevertheless, with purified high-af-
finity antibodies, only a slight reduction of fluores-
cent intensity was observed after the paraffin-em-
bedding process, which includes long stays in or-
ganic solvants.
The results of the present study for the normal
kidney closely parallel those obtained by others [2-
4]. Some new points emerge, however. Staining of
the cells of the normal CDT, except those of the
macula densa, has been encountered in all cases in-
dependently of secretor status and of the type of
tissue fixation. The variations of labeling observed
in CDT were not due to technical variations. In fact,
these variations were often observed in the same
specimen where the endothelial staining was always
homogeneous. These variations could be explained
by a particular physiologic state of CDT cells, by
sections of different portions of CDT, or by sections
of CDT from different types of nephrons. On the
other hand, we noticed a change in the positivity of
the collecting tubular cells along the corticomedul-
lary gradient in normal kidneys of secretor patients.
The CT in the outer cortex were completely nega-
tive or weakly positive in some cells. At the corti-
comedullary junction, all cells were stained on the
luminal portion, and some cells showed also a dif-
fuse positivity of the cytoplasm, giving to the tubule
a speckled appearance. In the internal medulla, all
the cells of the CT showed an intense fluorescence
not only of their cytoplasm, but also of the BM.
This latter stain was seen on frozen but not on par-
affin-treated sections. The staining observed in the
kidney of subjects with A antigen was due to cell
antigen and not to plasma circulating antigen. This
fact was verified by the following observations (to
be published): six kidneys from 0 donors trans-
planted into six A recipients had no endothelial nor
tubular epithelial labelling, whatever the fixation
used.
In pathologic kidneys, the BM of atrophic CDT
becomes positive. This phenomenon is poorly un-
derstood. More important is the fact that anti-A
antibodies is a marker for endothelial cells and per-
mits us to distinguish between endothelial cells or
other cell types in proliferating cell process. For in-
stance, in endocapillary proliferative glomerulone-
phritis, the additional cells in mesangial areas were
negative. In proliferative endarteritis, the proliferat-
ing cells were negative, and only the single layer of
endothelial cells surrounding the lumen were posi-
tive. This demonstrates that endothelial cells do not
contribute to these proliferating processes. On the
other hand, the disappearance of the endothelial
vascular bed is easily detected in destructive in-
flammatory or sclerosing processes.
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Conclusion. The technique presented allows us to
determine the renal location of A antigen and to de-
termine the presence or absence of endothelial
cells, and therefore, it can be used to evaluate the
state of the vascular bed, better than does light mi-
croscopy, whatever the disease.
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